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A slot draw attenuator apparatus and method are 
provided for producing webs of spunbonded 
thermoplastic filaments having improved cover 
even at low basis weights. The filaments are 
introduced to a slot draw attenuator having 
corona electrodes mounted in an elongate 
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connected to a high voltage source. The 
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electrostatic charge induces repelling forces in 
the filaments so that the filaments spread before 
they are randomly deposited upon a forming belt. 
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Description 
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exJrudmg continuous filaments of a fiber-forminq Ztr^to^L??! 9 P rocesses the basic steps of 

ating the filaments, usual* by a high vefcc^S JSS^STT' qUenChi " 9 me *™*«9 °' attenu 

Manufactured spunbondeOncnwoven JSiSSS^iT'^' °k * «° a 

hl 9 he ' Privity 

un-formrty of the fabric becomes a particular £2m , a ThXr ^SSTTT qua.«y and 

bas,s we-ght Severa. characteristics affect the qua% *Tounbc2 *f ^ * tow 

Filament separation is the dsqree of senarar™ Li^T un " or ^'^ 01 spunbonded nonwoven fabrics, 
aration occurs when the mnrn^SSS^ZXSS^^ 008 lament sap- 

no .ndividual filaments should be in paral/e. SKSS ^T. ,2 pa/allel contact between the filaments. Ideal* 
parallel contact over considerable distances ^CSSSS^ *^°T\ Pr3Ctl ' Ce ' fi,3ments ,en < * be * 
where good coverage is more difficult to achievT part « ula '* im P««ant for light weight fabrics, 

numbers of filaments in paraftel twisted contact IKZ.^ 2 f ! °' poor filament se P^tion. Large 
areas in the fabric. Splotchiness is a re^T^T^^T^l ^ ' ^ Can CauSes hotes ° r v ^ «* 
■sgeneralfy weak because of the tower ter*i,eT*e^ 

has poor cover properties. 9 mn araas °' ,he fabfK - Also, a splotchy fabric generally 

gj:^^^ 

produce lighter weight webs or to produce webs at hS 22 f 9 P 3 "' 01 " 9 '* "^^cturers attempted to 
caned Lurgi tubes, typically use targe quan,^ ol ITpre^T^T^T ^ 3ttenU3t ° r ,ubas 
Th« results in high utility costs and high noise levels ^SH^S^T' ^"attenuation force for me filaments. 

sample. United States Paten, No^^B^^^^^^T^ ,he ™>P' as,ic «' a ™n,s. For 
mechan.cal and pneumatic oscillation of continuous ilTb u ^!'f ^ Van ° US a PP ara,us and methods for 
the collection surface. United States Patent ^ 2"? * 35 xh * are ^posited on 

tube to separate continuous filaments prior to theSe'o^ ^ t US ' n9 " *" foi ' 3t the 8Xft °' a round attenuator 
the air foil and filaments striking the foS Jre «m^d bvTa 9 F ° fCed 3 " to,,OWS ,eadi "9 ^ge of 

the filament bundle mat promotes random de^f Se^" ° ' ' 0fmin9 "** r6SU,,in9 h 3 S P' aadi "9 of 
electncXg 6 ^ spreading o, me filament bundie by applying „, 

scribes Isoelectric charging, in wfS "e fita^™ ^ T an ° thef - Uniled aa,es Pale "< No. 3 992 d^ 
and repe.ling forces induced^ thTSm enl ^^e^S!^^ ^ 3 SUft3b,a — ^l* 
pr.or to deposit oh the forming wire Hdwev^TbfaW^wf^ ^ ° SSp3r3,e 33 *"* exrt a '°rwarding gun and 
this method is also subject to lack of rZllt S, . ^ P ' C3 " y B not desirab,e tor more d «'*ca,e webs and 
Nos. 3.338.992 and 3.^678 atso SSeT^ 

discharge dev.ce prior to drawing and S2S5SS2L^ PnQ man,W1t bUnd ' e ^ 30 i0n 9Un ° f — 

United States Patent No 4 208 tar h« k. 
but which incudes electrostatic Uea^^^^^^^ *?, hou « «" a " sa <" '°-ed air attenuation, 
chargmgzone andare drawn through anip baVweenTstome™ JT^ P3SS ' hr ° U 9 h an el ««~sta,ic 

by the d«w rolb into an electrostatic Be.5 gen7 ra ,edteSeenTe S2S^ ^ e ^^^^ments are propeHed 
filaments to the collecting surface. Between the rolls and the collecting surface, which attracts the 

United States Patent Nos. 3 163 7ST i r>OA ^ . „ 

the use of corona electrodes for eleCrSafic^rLtmlT , IS**? *"* P ° T No. W09. ,07.530 relate to 

u, ™« * 3, W75 , js^sxrrrrjss:: 
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from a corona after they have been discharaedTrcIJ nii , . w "* SUb,eCted t0 treatment 
a target electrode for spreading * -SSSSSn^^ «■« 

attenuator tube and impinge upon (he oooosad ««„ I^L h « , . ' 07 ' 530 - ,he "laments exit a round 

filaments are mechanically 12i CtaES ' - 3 mBmant tfanSf8r Channel Wtlere 1,10 

separation of the ^IZ^^ZX^ * ** ~ « "» *— 

that covers ih. full width of The malS * ^SiTifSST^^^'^""-'^^^ 
The air proceeds down the attenuate T^anZT l I Slot attenuator below the spinneret face 

ffowand'cause filaSen\ attenuS ^SLSi *^^ e '^ 8 ^ ^ to *• * 

The attenuation air. depending ^ the Joe^sS, d«w n attenua, « and are collected on the forming wire, 

pressurized air supp V above7e"o" o a viuunftecf^^ ^ be direCU * in '° * e attenuaIion sto « * a 
fages over ,he Lurgfand other l£££i ^SSSSSJSST £ ,on ^^- Slot drawing has various advan- 
filaments fall out of the spin block SiSwo iT^S ^» T^v >? " 0 * attenuator fe ««-threading in that the 
always required. ^eby'eduSg SJX ^ * by ^ **" is «* 

surface, which «^JZ^£5£S^J£*™ " ** "** 919 wab « <°™* « the cChSon 

ments exiting a slot draw attenuate arS ipt^^mlroui^^ ^ meChanica "y ««*»■«"■ the rank of fila- 
rolls set up a pendubr movement LfteS ™um ^ ? '" 9 ^ to f ' X ,he mamen,s in P ,aca C^"** 
P---r^ 

« is an object of the present t'^Sl Z^^^'^Z™*' 

non woven web havinq imoroved eov«r nmZam^ T. ™T process and apparatus for producing a spunbonded 
a S ,c*drawproce M anda^ - is an object of the present invention to provide 

low basis weight or highTocesstnTsp^ nwwwenwbsha vrng excellent cover characteristics, despite 
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statical*^ «•* a corona device positioned to eiectrc- 

passageway exterKlfnTberweerfTne InZlT^l T ™ *• fi,amentS are ex P e «^ ■ slot-shaped 
and attenuated. Seanf is S5i5iS^^^^^ t ,h ^ ' i,amentS ,ravel ^ i,e bein 9 dra wn 

passageway and for dSSnTSda^STiS! • ttanua ^" f °/ "^*«*9 a flow of air through the stopped 
surface is positioned ^J^ItZSTT 9 ^ Sto, - sha P ed Passageway. A co.iection 

a.t en ua«or toTorm a w^ a corona devS ScSes ^T^^^'^ me filamen,s mat are ex P ellad 
and is positioned for gBnersti^e^t^tLT^lZtT^ mean$ ^ 18 ca ' ried °" *• ^"s of ^e attenuator 
the filaments travel. 9 e,eclros,at,ca,, y cha '9ed field across the slot-shaped passageway through which 

exit Jl^'S^SSjS^S wat^co 8 °' ^ e,CC,f0deS - - ^ «ne 

another at spaced toc^ ^ZtZ^oU^^^^n ^^ *'* h 3 S,a " ered rela,ion to 

» wall of the Ln U a^2 w^^o B ^ T^ * attenuator. A ground is connected to the other opposing 
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MSTlr * "iHH 9 K amen,S - The ,ilamen,S are men de P° si,ed °" a c °»°«i°n surface to form a web 

iX^^zzzr ,ha sto, - shaped passasevyay be,ween ,he wa " i*snss 

_ The |; appara,US 30,3 me,hod <* * a invention are capable of producing spunbonded webs of enhanced uniforms 
and quahty „ ^compared to prior practice. Additionally, bypractice of tW.fc^ion. « h possfcteto^d^r^S 

Brief Description of the Drawings 

in?e U nfcnr ernatiCa,,y '" US,rateS " *" * web in accordance with the 

Figure 2 is perspective view of a portion of the apparatus of Figure 1 showing the slot draw attenuator 
Figure 3 « a transverse section through the stat draw attenuator, taken atong line 2-2 oSre 2 and snowino rh« 
corona electrode assembly used for electrostatically charging the filaments 9 
Figure 4 is a longitudinal section through the corona electrode assembly taken along line 4-4 of Figure 3- 

F,gure 7 ,s a perspective view similar to Figure 5. showing an alternate tarn, of corona electrode assemb V- 
Description of the Illustr ated Embodimpnt 

spinn^e's^Zr^^ ^""^ 1 3 * 3 C ° n,r0 " ed ' me,ered ra,a to a 9—™* * h«d or 

spmneret 15 where the molten polymer is extruded as streams from fine die orifices to lorm continuous filament* p 

soTm^U! ^ s P""b°nd.ng machine. A supply of air is admitted into the slot attenuator 17 below tne 

spmneret face. The air proceeds down the attenuator channel, which narrows in width in the diretfS° awav f «Z ml 
loZ end accelerate of me air and atX^c^Z^nts Z^ZTZ To 

■[hTHo , " d6ViCa 3nd afe random| y de P« sfted 00 a " endless forming belt 20 totomfTweb W 

A corona device, generally indicated by reference 18. is located adjacent the exit end of the attenuator The m™* 

whrh e ini e ^ era,es a c ? ona o( air uif ° u9h •» fi,ame " te f ^^iSSiLssr 

Sufse^^ a, ^ r0Sta,ic char 9 a °" ^-ents. causing the filaments to repel one Zi i ZS 
thus separate and spread apart from one another as they exit the attenuator before being deposited nndSntoSTJ! 

^^•S2^J^^**" ,OOP 2 °" B " 1 ^ 3 9enara,,y h ° ri20nla,,y ax,endi "9 "» » "J supping 
weo w and lor transporting the web from the initial lay-down point 26. Guide rolls 28 located inside i«« ?o- 

para,,e ' re,a,ionship in ,he cross direc,ion of ,he 20 tor ««^^^?KSJKi: 

7° ° 5. ° U9h ,he oelt to P rovi <*» enhanced control over the web during formation and transfer 
As shown ,n Figure 1. as the web W reaches the downstream end of the belt 20 it te Irana med "from ml Lt an* 
m advanced through a calender nip 32 tormed between cooperating ro.fc 30 and T^ln^Zt^To 
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points over the surface of the web Patt * med SUfface 80 ,hat bonding takes place at discrete locations or 

ron 4 rr;^ 

and rotate the rot) 42 of spunbondeS n^eoTbn^ efflbod "' e "' sho ^ *m rolls 43 and 44 support 

a vacuum source connectedmereto throu g no?du7so 1^ conventional sheet metal enclosure having 

an exit s,o, S8 from which the anan^ ^d o^^^^^^ 1Sa " d 
define an elongate slot-shaped passageway 60 (F^reT^T^l^T^ IT ^^'"9 wa,,s 52 . a "° *» also 
through which the fitamentsF travel whilebeina d£Z e5rte "ds between the entrance 56 and the exit S8 and 
inject air into the slot shaped p^aTwIy n anc TUT^ associate d waHs 52 and 54, 

slot 56. Air is distributed £ ^Z3Xl££^ ^ * ' ^ *"« ^ *° ^ " 

aco^^STa^^^^ 

» direction. The electrode assembly W 1 3 "* the °" Wa " 52 in ,na 

54 is grounded. * connected to a h.gh voltage power source 19 and the opposite attenuator wall 

Figure 3. me bottom ^ -T' U ^ " AS ^ ba Seen ""a c'^rifTn 

anenuatorwal^andtheirT^ abova ^ bottom ^ ^ fte ^ 

bar68 a distance conesponding ,0 Se "££2 o7S waTs2 ^E^. 69a * and,n9 **» °' ,he inso,a, °' 

69 lies coplanar with the inner surface of atten^w Ufii w ^ ^ ex P csed ,aca 0< *• s*o««er portion 

thus forme the bottom port,, oft Zt^S ^Tu^^^^^ " inSUte '°' *~ 68 
wall 54. Shoulder portion 69 is shown enlarged in Figure 6 S , opposmg grounded attenuator 

in which are mounted a series of spaced ^nJSnV^Ztt ^ projecting shoulder portion are cavities 70 
taper ,0 sharpened points pro^ SoTe p^ge^ a T^T^TT™ T ^ 72 ^ ^ ** h 
opposing grounded attenuator wall 54 for "eat^ co^f^f ° P " S 72 are ° riented towart 
the discharge end 58 of the attenuator iw ° '° n ' 2ed " r aCTOSS the emire Passageway 60 adjacent 

corona electrode pins arel^ZZtZ^^^^f^ * mOUn,i " 9 b,0Ck ^ a **~^d 
the cavity 70 and are arranged ^vSlt " 9 The mounting blocks are seated on the floor of 

fie,™ 

76. T^to^ * voyage power source 19through a res*tor 

connected* the respective pT^^ 

connected ,0 an electrical conductor « tS^SS^^S J"* " nd ,he ° PP ° r end <* *• rasistor * 

voltage from power source 19 " dS ' he WIdm of 1,16 insulator "» 68 *> distribute a high 

9«oS^ 

kV and. preferably (-) and , preferably have vanable voltage settings up to al least about 50 

When the Sintsl t£ouo7*J ™ P a ™'t adjustments in establishing the electrostatic fieid. 
.0 repel one anoZ and to Tepz a^andto ^s^rTad 2, T e,ee,fOStatiCaH y which causes tha fi.aments 

17 and the forming belt ^ ^dwnt^^U^o^^^Ull^ ^^ nter ^ e ^ re6 ^^ 0ne loca ' e d between the attenuator 
sufficient length provide for ^ ^ *~ ' a '« — ^ "e of 

72' extending th'e I^^S^S. 7 ' m ° mlm9 b,0Ck 74> has 3 corona «™ 'he form of a wire 
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Example 



This example compares the physical properties of spunbonded webs of various basis weights produced in accord 

hp of the pms and the oppos.te grounded conductive plate was 11 mm and a voltage of from 8 to 30kV waHool^d 

iVSlTf 1 ^ S °° rce *° ^ A** 0 ""'* a vacuu "> applied to the forming wTe oHrom 8^0 180 mm S 
water and the fo.rn.ng w,re traveled at approximateV 50 to 200 meters per minute. Samples 1 3 and™ wl lT^ 

*^^ devee ^ e ^^ 
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As can be seen from the comparative examples, the fabrics produced by practice of the present invention have 
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drastically improved physeal properties as compared to the control sample of comparable basis weight. The tensile 
strength, both m the machine direction and in the cross direction, is significantly increased. Additionally, the percentage 
breakthrough is greatly reduced. The percentage breakthrough is a measurement of the level ol penetration of certain 
sire particles during a given time. The lower the percentage breakthrough, the better the quality and cover properties 
of the web As also seen from the table, the degree of formation greatly improves with electrostatic application For- 
mation is the visual appearance of the web. indicating how uniformy the filaments are distributed throughout the entire 
web. The evaJuation also takes into consideration such defects as streaks, splotches, light spots or even holes and 
the presence of ropiness. Formation is evaluated by trained individuals visually on a scale of 0 to 5. with 5 being the best 
It should be understood that the specific embodiments described in detail hereinabove and illustrated in the draw- 
ings are specific examples of how the present invention may be practiced and that the invention is not limited to these 
specific embodiments. Those modifications that come within the meaning and range of equivalence of the claims are 
to be included withm the scope of the invention. 
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Claims 

1. An apparatus for producing a web of thermoplastic filaments comprising: 

a) a slot draw attenuator having opposing side walls and opposing end walls defining an elongate entrance 
slot for receiving filaments, an elongate exit slot from which the filaments are expelled, and a slot-shaped 
passageway extending between said entrance and said exit and through which the filaments travel while being 
drawn and attenuated; s 

b) means cooperating with said attenuator for introducing a flow of air through the slot-shaped passageway 
and for drawing and attenuating the filaments through the stot-shaped passageway 

c) a collection surface positioned adjacent said exit slot of said attenuator for receiving the filaments that are 
expelled from said attenuator to form a filamentary web; and 

d) corona means positioned for electrostatically charging the filaments that are expelled from said attenuator 
so that repelling forces are induced in the filaments to more uniformly spread the filaments before they are 
deposited on said collection surface to. form a web. 

The apparatus according to Claim 1 wherein said corona means includes electrode means carried on said walls 
of said, attenuator and positioned for generating an electrostatic field through which the filaments pass as they 
travel through said slot-shaped passageway of said attenuator. 

The apparatus according to Claim 2 wherein said electrode means includes a series of corona electrodes carried 
by one of said opposing attenuator walls, said corona electrodes being located at spaced locations along the length 
of the slot-shaped passageway, a ground connected to the other of said opposing attenuator walls, and a high 
voltage power source connected to each of said corona electrodes. 

The apparatus according to Claim 3 wherein said electrode means includes an elongate insulator bar carried by 
said one attenuator wall adjacent said exit slot, and an electrically conductive buss carried by said insulator bar. 
and wherein said corona electrodes are mounted at spaced locations along said elongate insulator bar and are 
electrically connected to said conductive buss. 

The apparatus according to Claim 4 wherein said corona electrodes each comprise a pin having a sharpened point 
facing into the slot-shaped passageway and a high voltage resistor electrically connecting the pin to said, buss, 

6. The apparatus according to Claim 4 wherein said corona electrodes each comprise a wire facing into the slot- 
shaped passageway and a high voltage resistor electrically connecting the wire to said buss. 

7. The apparatus according to Claim 3 wherein saidcorona electrodesare located in staggered relation toone another 
at spaced locations across the width of said one wall. 

8. The apparatus according to Claim 1 further comprising means tor extruding filaments of a thermoplastic polymer. 

9. The apparatus according to Claim 8 wherein said filament extruding means comprises a spinning beam. 

10. The apparatus according to Claim 1 further comprising means for bonding the filaments together after they have 
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11. The apparatus according to Claim 10 wherein said filament bonding means comprises a calendar nio tar h«nHi„o 
me filaments together after they have been formed in to a web on'saki be... said' a^Jus f"1S £££5?! 
wndup roll for wrndmg the spunbonded web after passage through said calendar nip comprtstng a 

12. The apparatus according to Claim 1 wherein said filament drawing and attenuating means comprises an adductor 
for .nduang a flow of a,r through said slot-shaped passageway for drawing and attenuating^ Zel 

13. A method for producing a web of thermoplastic filaments comprising directing a plurality of filaments into 
through an elongate slot-shaped passageway while attenuating and drawing the filamen s^as theTtravel mrn^J 

pe lng the electrostatcally charged filaments from the elongate slot-shaped passaqewav while n^mS^Sl! 
pettng forces induced in the filaments by the e.eotrostatio^arge to S ^ 
depos.tmg the thus spread filaments on a collection surface to form a web. filaments, and 

15. The method according to Claim 14 wherein the step of passing the filaments through an electrostatic field includes 
applying ah.gh voltage loan electrodo tocated along one of a pair of opposing walls * me stored pass^oew^ 

are deposrted thereon to form a web and thermally bonding the filaments to form a unitary web. nlamen,s 
PatentensprOche 

1. Einrichtung zum Herslellen einer Bahn von thermoplastischen Filamenten. umfassend: 

2.1^^' 9B ?r 0ber,ie9ende Seite ™^° gegenOberliegende Endwande hat, 
h Ejngangsschte zur Aufnahme von Filamenten sowie einen langgestreckten Aus 
Sfen dl ^T ^astoOen werden, und einen schlitzformigen Durchgang der s^h 

^JS^^CK" - " und durch wetehen die Fi,amente bu,en 3 ~ sie 

2h%wZL <tem ^ erfe * nefer 2us ^^enwir1cendes Mittel zum Einfuhren einer Stromung von Lult durch den 
schmzform,gen Durchgang und zum Ziehen und Verfeinem der Fifcmente durch den schlitzfo.migenTurcT 

Zf^ZTT^T^H 9 ^^ d ° S Verteinerars PosMontort. Auf.angoberf.ache zum Aufnehmen 

TeJ£™l£nJZt Ve 7 S r Bfer aus 9° sto0e " «" eine filamentare Bahn zu bilden; und 

d) em Koronam.ttel. das zum elektrostatischen Laden der Filamente. die aus dem Verfeinerer ausoestoflen 

werden. pos.fon.er, is,, sodafl AbstoOungskrafte in den Filamenten induzier, werden, 

«orm,ger auszubrerten. bevor sie auf der Auffangoberflache zur Ausbildung einer Bahn ahge.a^rt warden 

" d« 5S2 9emaB ^ S B PrUCh 1 ■ worin das Koronamittel ein Elektrodenmittel aufweist. das auf bzw. in den Wanden 
des Verfemerers gehalten und zum Erzeugen eines elektrostatischen Felds. durch welched £ Fitamenfe hfn 
durchgehen. wenn sie durch den schlitzformigen Durchgang des Verfeinerers laulen. p^moniert is, 

^TZ n LZ^LT Pr T VT? daS Z**™*™*" a«n. Reihe von Koronaelektroden aufweist, die von 
Srten entlanfdaM 9Sn , " V*?*™'*™^* 9*"*"°" *obei die Koronae.eklroden an beabs andeten 
anZ^jT 9 ^ 9 65 sch " taon "ig«n Durchgangs lokalisiert sind. wobei eine Masse bzw Erde mil der 
anderen der gegenubeniegenden Verfeinererwande verbunden ist. und wobei eine Hochspannungs.elTungsque, 
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.. Appareil pop, „ „.„„. ^ „. 

(b) un dispositif quicoopVre avecSd^lrt dS qU '" S S ° nt 6,ires et "*«* • 
en forme da feme et X etlrer ^SS^S^S^SSS^ *" dWr ** '* PaSSa ° e 

(c) une surface de collects placee pres de la dits i^T^L dep^ant dans le passage en forme de fente ■ 
•es filaments qui son. exputees dud* discos,",* J^Z™™*?™ d tfamlncissement. 

pourrecevoir 

(d) un dispositif tfeffluve ou cfeffet coronaelac,! d« ™! £ T \f ""^ Un ° nap P 8 "bmentaire ; et 
son, expulses dudi, dispositif d-aminc^menfde so^ cue ^f 13 ^^ .es laments qui 

iTe^^ 

4 des positions espacees'sur C C^TZr^^^^P^ 
paro,s opposes du dispositif o-aminlissemen,^ 

desdites electrodes d*effluve. re8 d a,,ment at.on a haute tension connectee a chacune 

«~ — - barre isofcnte , tongee 
electriquement conductrice ponee^r ^^^7^^ ft I"** ,ente de SOrtie ' e « une to ™ commune 
fees a de s positions espac/es ,e £J J t iSZZSEZXtSXT"!?*' d '° ffluVe «"« ™" 

4 ladrte barre conductrice commune. 3018 aHOn9ee et e " es sont *<ectriquemen, connectees 

ment le fil a ladrte barre conductrice commune Stance a haute tension connectant elecWque- 

courro.e. ledft appareil comprenant en outre un ™tea d^ D f2 ™ ' 0,meS 6n " ne na PP e SUf ,a *«e 

nbonded'.apres passage a travers ,edi, pJ^ZSKSSJT ' * 30 fi,a9e ° U 



30 



35 



40 



45 
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en forme de fente tout en permettant a£x forces <L 22£ * h T ta " qUe ™ hors du passage allonge 

XcT r^r— tes 

du passage en (orme de fente, et ta generation tfun effluvSft-f 9 * de d9ux parois °PPosees 

et la parol opposes du passage en formed fen7e PaSSa96 6 ° ,0m,e d ° <ente - en,re ™ectrode 

fente a dee posft«ns espacees le long rfune parofdu ' ' ^ " P* 85 * 9 * en f0rme de 

pour former une nappe unitaire. ^ m ' er ° appe ' et do «»«"«Mh.,mk,u. des filaments 
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